The literature records diagnostically significant biochemical activities for only a very few strains of bacterial L-phase variants. These include Proteus spp. (4, 6, 12, 13) , streptococci (7, 15), Streptobacillus moniliformis (11), Staphylococcus aureus (14), Neisseria meningitidis (8, 9), and a few others. Most of these studies were not performed primarily to identify L-phase variants; therefore, the methods employed were not necessarily suitable for routine diagnostic application.
cedures required must help resolve several types of problems, i.e., that of relating an L-phase variant to a particular bacterial phase organism, that of distinguishing L-phase variants of different bacterial species or strains when present in mixed culture, and that of identifying the species of a nonreverting L-phase variant.
This study was undertaken (i) to design simple, rapid, reliable methods for determining biochemical capabilities of L-phase variants, (ii) to test these methods simultaneously on a variety of L-phase variants and their respective presumed parent or revertant bacterial phase organisms, and (iii) to determine from the results whether characterization on the basis of biochemical activities could yield data significant for diagnostic use with L-phase variants.
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MATERIALS AND METHODS
Organisms. The organisms used in this study and their sources are listed in Table 1 . The term, "L-phase variant" or "L-phase organism," is used in this paper to designate self-replicating, cell wall-defective bacterial variants that grow in colonies having the socalled "fried egg" configuration. "L-phase variant" is used in preference to "L-form," but otherwise is in conformance with the definition of Wittler et al. (15) .
Culture media. The culture medium for stock maintenance of all bacterial phase organisms, as well as L-phase variants that did not require osmotic stabilization (Table 1) , was prepared by dissolving 40 g of dehydrated Heart Infusion Agar (Difco) in 850 ml of water. (Deionized distilled water was used for all media and test solutions.) Media for culture of osmotically sensitive L-phase variants (Table 1) were prepared by dissolving 25 g of dehydrated Heart Infusion Broth, 13.5 g of agar (Difco), and either 20 or 30 g of NaCl or 100 g of sucrose in 850 ml of water. Ingredients were dissolved by gentle boiling; then the pH was adjusted to 7.6 with 5 N NaOH. The agar was dispensed in 85-ml volumes into screw-cap bottles and was sterilized by autoclaving for 15 min at 121 C. Immediately prior to pouring plates, the agar in each bottle was enriched with 10 ml of sterile horse serum (heated for 30 min at 60 C) and with 5 ml of a 10% (w/v) stock solution of Oxoid yeast extract (Consolidated Laboratories, Inc., Chicago Heights, Ill.) that had been adjusted to pH 7.0 and sterilized by filtration through a 0.01-,um pore-size filter pad (Republic Seitz Filter Corp., Milldale, Conn.). Potassium penicillin G was incorporated at a final concentration of 1,000 units per ml in media for unstable L-phase variants (Table 1) Test media. Basal media used for the tests were At the same time, sterile substrate, reagent, or indiessentially the same as the media used for stock cator stock solutions were added to the basal media maintenance of cultures, except that for each 1,000 ml in the amounts given in Table 2 to achieve the final of complete test agar, the basal constituents were concentrations. Sufficient water was then added to dissolved in 750 ml of water. The substrates and re-each bottle to bring the volume of the complete agent for phenylalanine deamination and esculin hy-medium to 25 ml. Unless otherwise specified, stock drolysis tests were dissolved with the basal constituents solutions were prepared in water. When solutions were of the respective test agar prior to autoclaving. The to be incorporated in test media, they were sterilized agar was dispensed in 19-ml volumes into 2-oz (59 ml) by positive-pressure filtration through Swinnex-25 prescription bottles. Immediately prior to peuring plastic filter units (Millipore Corp., Bedford, Mass.) plates, 2.5 ml of heated horse serum and 1. (1) . Test bacterial and L-phase organisms that consistently demonstrated either positive or negative reactions for specific tests were used as control organisms in subsequent tests (Table 3) .
Inoculation of test media. The inoculum for each bacterial phase organism consisted of one drop of a heavy suspension made with organisms swabbed off a single culture plate and suspended in 2 ml of 0.9% (w/v) NaCl. The inoculum for each L-phase variant consisted of a small agar block cut from an area of dense growth on the appropriate culture medium. Each block was inverted on the test plate, pushed about one-half the distance across the plate, and left on the agar in the inverted position. No attempt was made to standardize the number of organisms in the inocula.
Conditions of incubation. All plates were incubated upright in wide-mouth screw-cap glass jars at 37 C.
Bacterial phase cultures of both strains of N. meningitidis, as well as all L-phase cultures, were grown under reduced oxygen tension obtained by including a lighted candle in each jar.
Biochemical tests. The tests described in this paper are modifications of routine diagnostic biochemical tests (1, 2, 3 sufficiently sensitive to detect reactions of most of spective parent revertant bacterial phase orthe L-phase organisms; (ii) they yielded repro-ganisms. ducible results; and (iii) they yielded parallel For use with L-phase variants, 13 tests were results for most L-phase organisms and the re-found to be suitable. The most reliable of these It appears that biochemical characterization can be usefully employed to provide needed information on various occasions. For instance, the need to relate a specific L-phase organism to a specific bacterial phase organism can arise after isolation of an unstable L-phase variant from clinical specimens, tissue cultures, or other biological material, or during a periodic check for identity of laboratory L-phase cultures. The procedure for establishing relatedness of an L-phase to a specific bacterial phase organism should be performed by use of tests for oxidase, catalase, and phosphatase activities, glucose oxidation or fermentation, phenylalanine deamination, esculin hydrolysis, nitrate, tetrazolium, and tellurite reductions, and carbohydrate breakdown. Tests for arginine and urea hydrolysis and AMC production can also be used provided results are carefully read and interpreted.
The need to distinguish different species of L-phase variants can arise when a laboratory culture is suspected of containing a mixture of L-phase organisms or when a specimen contains 1661 on July 5, 2017 by guest http://aem.asm.org/ Downloaded from COHEN, WITILER, AND FABER mixed flora. To distinguish different L-phase variants, mixtures first should be purified by filtration through membranes (Millipore Corp.) to remove clumps of cells, followed by repeated single-colony isolation from the filtrates. Isolates so obtained then should be characterized biochemically by using the above 13 tests.
Finally, the need to identify an unknown, nonreverting L-phase variant can arise upon isolation of such a variant from clinical specimens, tissue cultures, or other biological material. The solution of this problem requires utilization of the 13 tests described above. The results of tests performed in this project indicated that biochemical characteristics alone were sufficient for identifying only one of the L-phase variants studied, P. mirabilis L-9. Therefore, other tests such as those utilizing molecular genetic, serological, or disc-electrophoretic techniques, must be employed to identify a nonreverting L-phase variant.
In conclusion, modified biochemical tests have been shown to have value for characterization and identification of bacterial L-phase variants. These tests, redesigned for use with L-phase organisms by simple modifications of existing methods, are easy to perform and to read. Therefore, they can be of considerable value for the clinical bacteriologist, as well as for the research scientist. Although these tests must be used in conjunction with other techniques for identifying most nonreverting L-phase variants, they are highly useful by themselves for relating an L-phase organism to its parent or revertant bacterium and also for distinguishing different L-phase variants.
